Gene expression is a multi-step process which proceeds from DNA through RNA to protein. The tight regulation of this process is essential for overall cellular integrity and physiological homeostasis. Regulation of the messenger RNA (mRNA) levels has emerged as a crucial event in the modulation of the expression of genetic information. The mechanisms by which this process occurs have been extensively studied and begin to be much better understood. They involve a network of complex pathways that use intrinsic features of the target mRNA, like stability, to control its relative abundance in the cytoplasm. Thus, the analysis of the mRNA stability and abundance is essential to properly undertake gene expression studies. This chapter describes the ribonuclease protection assay, a widely accepted approach to evaluate the quality and amount of a target mRNA. This technique displays a higher sensitivity than classical Northern blot analysis and may be used either individually or in combination with other quantitative methods, such as quantitative reverse-transcription PCR (qRT-PCR), as complementary procedures rendering more complete and reliable information on gene expression. 
INTRODUCTION
Gene expression control is a key point for cell development and survival across all living kingdoms, from bacteria to mammals. Since RNA molecules are the central effectors of the genetic information flow, the precise regulation of their relative abundance and stability is essential for the proper synthesis, assembly and localization of subcellular structures (1, 2) . Regulation of the RNA levels is a multistep process that requires an accurate coordination between all the cellular processes. In eukaryotes, it begins in the nucleus, where protein factors specifically bind to DNA sequences activating or inhibiting the RNA synthesis. Nascent transcripts recruit diverse proteins that mediate multiple RNA modifications such as splicing, 5'-capping, 3'-polyadenilation and editing. Mature molecules are subsequently exported to the cytoplasm and directed to macromolecular complexes where they play essential roles in protein synthesis (rRNAs, mRNAs; (1)) and mRNA post-transcriptional regulation (miRNAs; (3, 4)), among others. RNA molecules are eventually eliminated following diverse degradation pathways (5-7). In consequence, gene expression studies inevitably require the evaluation of the quality, stability and relative abundance of the intracellular RNA transcripts.
This chapter focuses on a classical strategy for the analysis of specific transcripts, the ribonuclease protection assay (RPA). It constitutes a very reliable and sensitive method for detection, quantification and analysis of RNA species in complex mixtures of total cellular RNA (8) (9) (10) (11) . RPA is based on the ribonucleases (RNases) ability to specifically discriminate between double and single stranded RNA templates. In this approach, RNA transcripts are hybridized in solution with a radioactive labelled RNA probe that is complementary to the molecule under investigation ( Fig. 1 ). This interaction is performed under highly stringent conditions that are usually assessed by adding formamide to the hybridization buffer, which considerably reduces non-specific interactions. After hybridization, subsequent nuclease treatment removes non-interacting molecules. Several RNases specific for single-stranded RNA such as RNase T1 or RNase A can be used, either individually or in combination. Thus, non-hybridized RNA molecules or mis-matched RNA duplexes are degraded, while intact fully matched probe:transcript duplexes can be recovered by ethanol precipitation and resolved in denaturing polyacrylamide gels. With this technique, the size, amount and integrity of the desired RNA can be interrogated by subsequent exposure to autoradiography film or phosphoimaging (Fig. 2) . Ideally, when this procedure is carried out with a molar excess of the probe over the target RNA, the intensity of the signal from the protected fragment is proportional to the amount of complementary RNA in the sample.
RPA is a widely accepted technique which complements the information obtained from qRT-PCR, with the advantage that it does not require a reverse transcription step. In addition, it provides additional data that cannot be obtained from qRT-PCR, like the size and integrity of a specific transcript. It may also substitute the Northern blotting analysis, in which the sensitivity, specificity and resolution limitations are often compromised by the inability to load large RNA amounts in the gel, inefficient transfer from gel to the blot membrane and cross or non-specific hybridization between probes and target RNA molecules. In addition, the hybridization in solution in the RPA favours the detection of rare transcripts.
Furthermore, RPA replaces other classical nuclease-based methods, such as the S1 nuclease analysis, which usually employs DNA probes that are synthesized as double-stranded molecules. This entails that reconstitution of probe duplexes is probable, therefore reducing the sensitivity. Hence, careful purification of the probe strand is a requisite for a proper analysis.
RPA assays are well suited for mapping positions of external and internal junctions in RNA, such as transcription initiation and termination sites and intron/exon boundaries (12) (13) (14) . With a proper probe design, RPA reveals the presence of sense and antisense transcripts from gene units (15) and allows for the estimation of genetic diversity in complex viral populations (16) . It has been successfully used in the evaluation of the stability of therapeutic ribonucleoprotein complexes (17) and to quantify viral RNA replication levels ( Fig. 2; (18) ). RPA also allows to discriminate between closely related targets like members of a multigene family, by using probes designed to span the differing regions (19) . These reactions can also be performed as multiplex assays to simultaneously analyze several transcripts (20) , as long as the protected fragments exhibit different sizes.
Moreover, its high sensitivity and specificity have been exploited for detection and quantification of microRNAs (miRNAs; (21) ). Recently, modifications in the RPA technique have been reported to provide exclusive data that cannot be supplied by other methodologies. For instance, a sequential RPA/primer extension analysis has been described to distinguish among paralogous miRNAs that differ from each other by only one nucleotide located at their 5′ end (22) .
In summary, RPA is a reproducible and independent method that provides significant and valuable information in gene expression studies. In this chapter, we describe in detail the analysis of specific eukaryotic mRNAs by RPA analysis.
MATERIALS
All reagents and solutions, as well as plastic and glassware, must be free of ribonucleases. Gloves must be worn at all the times. 
RNA isolation

METHODS
Total cellular RNA extraction
The isolation of clean intact RNA is essential for the RPA. 
Synthesis and purification of the RNA probes
A DNA construct must be designed and produced for each specific RNA probe.
The minimal requirement is a double-stranded promoter sequence upstream of the template for the desired RNA. The most common approach is the use of plasmid vectors carrying the T7 RNA polymerase promoter upstream of a multicloning site where the specific template sequences can be inserted. Alternatively, the use of PCR products as DNA templates carrying the T7 promoter sequence at their 5' end is also possible (see Note 4) . Recommended probe size is 200 to 400 base pairs, though shorter probes may be used for abundant targets. Nevertheless, probe size is determined by the molecular feature to be sought. In any case, a careful removal of the DNA template must be accomplished to avoid the formation of heteroduplexes DNA template:RNA probe, which could promote misleading results.
Probe gel purification is generally recommended, since incomplete transcripts may increase background levels and lost of sensitivity.
DNA template preparation:
For plasmid constructs:
Digest the plasmid containing the probe coding sequence with a restriction enzyme that cuts at the 3' end of the probe coding sequence. This provides a proper template for the RNA synthesis (Note 5).
For PCR templates:
Amplify the sequence of interest by PCR using a 5' primer containing the T7 RNA polymerase promoter sequence.
2. Check the quality of the template by agarose electrophoresis. 2. Denature RNA by heating at 85 ºC during 5 min.
3. Immediately transfer the mix to the hybridization temperature (see Note 10).
4. Anneal overnight.
5. Add 300 μl of RNase digestion buffer and incubate at 30 ºC for 30 to 60 min.
6. Stop the reaction by the addition of SDS 1 % and 10 mg/ml of proteinase K.
Incubate 30 min at 37 ºC.
7. Undigested RNA is extracted with phenol:chloroform:isoamyl alcohol and precipitated with ethanol as described above.
8. Dry pellets are resuspended in formamide loading buffer and resolved by denaturing polyacrylamide-urea gels.
Analysis
Gels are exposed to autoradiography film or phosphoimaging and subsequently analyzed and quantified by densitometric or fluorescence scanning.
One of the main RPA applications is the absolute quantification of a specific RNA. For that purpose, a standard curve must be established using known amounts of the in vitro transcribed target hybridized with an excess of the probe.
After ribonuclease treatment, products are resolved in denaturing polyacrylamide gels. The intensity of the signal is compared to that generated by the experimental samples and used to determine the absolute amount of target RNA. 6. This is a general protocol that must be optimized for each specific probe.
The nucleotide concentration is especially relevant: the lower amount of nucleotide, the higher proportion of incomplete transcripts. For short RNA probes (less than 400 nt), 1 mM of each non-labelled NTP generally renders high transcription yields. Long probes require specific transcription buffers with higher amounts of nucleotides and divalent cations. In many cases, it may be necessary the addition of non-radioactive limiting nucleotides to preserve the nucleotide concentration high enough to produce significant amounts of full-length transcript. This leads to a decreased specific activity that will be compensated by the increased sensitivity of the longer probe. Alternatively, commercial kits are currently available that produce high amounts of long RNA molecules (up to 3000 nt).
7. The position of the film on the gel is recorded using a marker, with nonsymmetric lines drawn across all edges of the film to ensure its correct repositioning on top of the gel after development. Alternatively, a variety of phosphorescent labels or markers available from different commercial sources can be used to guarantee the correct alignment of the film on the gel. A 2-5 minutes exposure should be enough for efficient transcription when using nucleotides with high specific activity.
8. For total cellular RNA, 10 μg is enough to detect most of RNA molecules.
However, this amount can be increased for low abundant species.
9. Background hybridization is commonly due to incomplete digestion of the DNA template after the probe transcription reaction. Residual DNA template molecules can efficiently interact with the probe, leading to heteroduplexes DNA:RNA that are not cleaved by ribonucleases. Background can be also caused by the presence of trace amounts of non-digested single-stranded probe. In both cases, this generates smears that appear in all the reactions. A tRNA negative control allows for the evaluation of the background.
10. There is an optimal annealing temperature for each probe, which depends not only on its sequence but also on its secondary structure. It is therefore advis-able to experimentally test the optimal temperature by using a range from 30 ºC to 60 ºC. 
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